METHOD AND APPARATUS FOR MEASURING VOLTAGE OF BATTERY 
MODULE OF ELECTRIC VEHICLE 



CROSS-REFERENCE TO RELATED APPLICATIONS 



[00 1 ] This application claims priority of Korean Application No. 

10-2003-0013601, filed on March 5, 2003, the disclosure of which is 
incorporated fully herein by reference. 

FIELD OF THE INVENTION 

[002] Generally, the present invention relates to an electric vehicle. More 
particularly the present invention relates to a method and apparatus for measuring 
voltage of a battery module of an electric vehicle. 

BACKGROUND OF THE INVENTION 

[003] As is well known in the art, electric vehicles operable by the power of a 
battery include a pure electric vehicle operable by the battery power only, and a hybrid 
electric vehicle that uses both a conventional internal combustion engine and a battery 
as power sources. A battery used for storing electric energy is provided for such an 
electric vehicle, and such a battery should be maintained in a proper state. For the 
purpose of the maintenance, detection of an output voltage of the battery should be 
enabled. A battery of an electric vehicle usually includes a plurality of modules 
(battery modules), and accordingly, a voltage of each of the battery modules should be 
observed in order to detect the output voltage of the battery. In order to properly 
maintain the battery, it is important to improve preciseness and accuracy in detection of 
the battery voltage. 

[004] One attempt at improving precision in detection of the battery voltage is 
described in a Laid Open Publication of Japanese Patent application No. 1996-292215, 
where the improvement of the precision is suggested to be achieved by enhancing 
resolution of an A/D converter that converts an analogue voltage signal to a digital 
signal. However, such a scheme does not help improve the accuracy in detection of the 
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battery voltage, which is the motivation of the present invention. In order to measure 
the voltage of a battery module, a differential amplifier circuit having a differential 
amplifier is usually adopted. At least one resistor is provided in such a differential 
amplifier circuit, such that the differential amplifier circuit modifies a voltage difference 
inputted via input terminals on the basis of a gain according to resistivity of the resistor 
and outputs the modified voltage difference. 

[005] The word “amplify” or variations such as “amplifier” or “amplification” 
used in an expression such as “differential amplifier” should be imderstood to cover 
both the meanings of “increase” and “decrease” of a signal level. It is notable that an 
increase or decrease of a signal level may be obviously changed therebetween by 
changing the value of the gain, and the word “amplify” or its variation in the 
conventional expression “differential amplifier” is kept for better comprehension of the 
description and claims of the present invention. 

[006] A controller is coimected to output terminals of the differential amplifier 
circuit, and the controller stores resistivity value of the resistor used in the differential 
amplifier circuit as a constant value. 

[007] Accordingly, when voltages of both terminals of a battery module are 
applied to the input terminals of the differential amplifier circuit, the differential 
amplifier circuit modifies the input voltage and outputs it to the controller. Then, the 
controller modifies the received voltage difference on the basis of the gain according to 
the stored constant resistivity value, and determines such recovered voltage difference 
value as an original voltage difference value received at the differential amplifier circuit, 
i.e., actual voltage of the battery module. 

[008] However, the resistivity value stored in the controller may have errors in 
comparison with actual resistivity of the resistor used in the differential amplifier circuit, 
thereby causing deterioration of accuracy in detection of the battery voltage. Such an 
error may be caused by tolerance of the resistor allowed in manufacturing of the resistor, 
or by temperature dependency of the resistivity of the resistor. That is, actual resistivity 
of a resistor may be different fi'om the specification within an allowed tolerance. The 
actual resistivity may also be different firom the specification because the actual 
resistivity depends on its operating temperature. Accordingly, voltage value of the 
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battery obtained by the differential amplifier circuit may vary according to the operating 
temperatme of the differential amplifier circuit. 

[009] The information disclosed in this Background of the Invention section is 

only for enhancement of understanding of the background of the invention and should 
not be taken as an acknowledgement or any form of suggestion that this information 
forms the prior art that is already known to a person skilled in the art. 

SUMMARY OF THE INVENTION 

[0010] The motivation for the present invention is to provide a method and 

apparatus for measiiring a battery module voltage of an electric vehicle having a non- 
limiting advantage of enhanced accuracy. An exemplary apparatus for measuring a 
battery module voltage according to an embodiment of the present invention is an 
apparatus for measiiring the voltage of the battery module included in a battery of an 
electric vehicle. The exemplary apparatus includes a differential amplifier circuit, an 
auxiliary power source, first and second switching circuits, and a controller. 

[0011] The differential amplifier circuit has input terminals and at least one 

resistor and outputs a modified voltage difference, wherein the modified voltage 
difference is obtained by modifying a voltage difference inputted through the input 
terminals on the basis of a gain according to the resistivity of the at least one resistor. 
The auxiliary power source outputs a reference voltage. 

[0012] The first switching circuit control applies the battery module voltage to 

the input terminals, and the second switching circuit control applies the auxiliary power 
source to the input terminals. 

[0013] The controller calculates the value of the battery module voltage on the 

basis of an output voltage fi-om the differential amplifier circuit by detecting a variable 
effective gain of the differential amplifier circuit; applying the battery module voltage to 
the input terminals of the differential amplifier circuit; detecting the output voltage of 
the differential amplifier circuit that is applied with the battery module voltage; and 
calculating the value of the battery module voltage by modifying the output voltage of 
the differential amplifier circuit on the basis of the effective gain. 
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[0014] It is preferable that detection of a variable effective gain is realized by 

switching the first switching circuit OFF (SCI -OFF) and switching the second switching 
circuit ON (SC2-ON), detecting an output voltage of the differential amplifier circuit in 
the state of SCI -OFF and SC2-ON, and calculating the effective gain of the differential 
amplifier circuit on the basis of the detected output voltage. In this case, it is further 
preferable that the calculation of the effective gain calculates the effective gain as a 
value obtained by dividing the output voltage of the differential amplifier circuit by the 
reference voltage. 

[0015] It is also preferable that the application of the battery module voltage 

switches the first switching circuit ON (SCI -ON) and the second switching circuit OFF 
(SC2-OFF). In this case, it is fixrther preferable that the first switching circuit includes a 
capacitor, a first switch for controlling the connection between the capacitor and the 
battery module, and a second switch for controlling the connection between the 
capacitor and the input terminals, and that the application of the battery module voltage 
is realized by switching the first switch ON (SWl-ON) and the second switch OFF 
(SW2-OFF), waiting for a predetermined period in the state of SWl-ON and SW2-OFF, 
and switching the first switch OFF (SWl-OFF) and the second switch ON (SW2-ON). 
[0016] It is also preferable that calculation of the value of the battery module 

voltage calculates the effective gain as a value obtained by multiplying the output 
voltage of the differential amplifier circuit by the effective gain. 

[0017] It is also preferable that the apparatus for measuring the battery module 

voltage further includes a power-key for controlling the supply of electric power to an 
electric load (e.g., a motor) of the electric vehicle, such that the controller detects the 
effective gain of the differential amplifier circuit at least when the power-key is turned 
on. 

[0018] It is also preferable that the apparatus for measuring the battery module 

voltage further includes a temperature detector for detecting a temperature of the 
differential amplifier circuit. In this case, the controller may detect the temperature of 
the differential amplifier circuit and compare the detected temperahire with a 
predetermined temperature, and the detection of the effective gain is performed at least 
when the detected temperature is above the predetermined temperature. 
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[0019] It is also preferable that the differential amplifier circuit includes a 

differential amplifier, the input terminals of the differential amplifier circuit includes 
first and second input terminals, the first and second input terminals of the differential 
amplifier circuit are connected to first and second terminals of the differential amplifier 
interposing first and second resistors respectively, an output terminal of the differential 
amplifier is connected to the first input terminal interposing a third resistor, and the 
second input terminal of the differential amplifier is grounded interposing a fourth 
resistor. 

[0020] An exemplary method for measming the battery module voltage may be 

realized by the above described apparatus. 

[0021] That is, the exemplary method is a method for measming a voltage of a 

battery module included in a modularized battery of an electric vehicle, and uses a 
differential amplifier circuit for outputting a modified voltage difference, wherein the 
differential amplifier has input terminals and at least one resistor and the modified 
voltage difference is obtained by modifying a voltage difference inputted through the 
input terminals on the basis of a gain according to the resistivity of the at least one 
resistor. Such exemplary method includes detecting a variable effective gain of the 
differential amplifier circuit, applying the battery module voltage to the input terminals 
of the differential amplifier circuit, detecting the output voltage of the differential 
amplifier circuit that is applied with the battery module voltage, and calculating the 
value of the battery module voltage by modifying the output voltage of the differential 
amplifier circuit on the basis of the effective gain. 

[0022] It is preferable that detection of the effective gain is realized by applying 

the reference voltage to the input terminals of the differential amplifier circuit, detecting 
an output voltage of the differential amplifier circuit while the reference voltage is 
applied, and calculating the effective gain of the differential amplifier circuit on the 
basis of the detected output voltage. In this case, it is further preferable that the 
calculation of the effective gain calculates the effective gain as a value obtained by 
dividing the output voltage of the differential amplifier circuit by the reference voltage. 
[0023] It is also preferable that application of the battery module voltage 

includes using a capacitor, a first switch for controlling the connection between the 
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capacitor and the battery module, and a second switch for controlling the connection 
between the capacitor and the input terminals. In this case, application of the battery 
module voltage preferably includes switching the first switch ON (SWl-ON) and the 
second switch OFF (SW2-OFF), waiting for a predetermined period in the state of SWl- 
ON and SW2-OFF, and switching the first switch OFF (SWl-OFF) and the second 
switch ON (SW2-ON). 

[0024] It is also preferable that calculation of the value of the battery module 

voltage calculates the effective gain as a value obtained by multiplying the output 
voltage of the differential amplifier circuit by the effective gain. 

[0025] It is also preferable that the exemplary method further includes 

determining if a power-key for controlling supplying of electric power to an electric load 
of the electric vehicle is tinned on such that the controller detects the effective gain of 
the differential amplifier circuit at least when the power-key is turned on. 

[0026] It is also preferable that the exemplary method further includes detecting 

the temperature of the differential amplifier circuit and comparing the detected 
temperature with a predetermined temperature such that detection of the effective gain is 
performed at least when the detected temperature is above the predetermined 
temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The accompanying drawings, which are incorporated in and constitute a 

part of the specification, illustrate an embodiment of the invention, and, together with 
the description, serve to explain the principles of the invention: 

[0028] FIG. 1 is a schematic diagram of an apparatus for measuring a battery 

module voltage of an electric vehicle according to a preferred embodiment of the 
present invention; 

[0029] FIG. 2 is a flowchart showing a method for measuring a battery module 

voltage of an electric vehicle according to a preferred embodiment of the present 
invention; and 
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[0030] FIG. 3 is a flowchart showing detailed steps of detecting an effective gain 

in a method for measuring a battery module voltage of an electric vehicle according to a 
preferred embodiment of the present invention; 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[003 1 ] A preferred embodiment of the present invention will hereinafter be 

described in detail with reference to the accompanying drawings. FIG. 1 is a schematic 
diagram of an apparatus for measuring a battery module voltage of an electric vehicle 
according to a preferred embodiment of the present invention. An apparatus 100 for 
detecting a battery module voltage of an electric vehicle according to a preferred 
embodiment of the present invention detects a voltage value of a battery module 115 
included in a modularized battery 1 10 of an electric vehicle. As shown in FIG. 1, the 
apparatus 100 for detecting a battery module voltage of an electric vehicle according to 
a preferred embodiment of the present invention includes a differential amplifier circuit 
130, an auxiliary power source 190, first and second switching circuits SCI and SC2, 
and a controller 150. 

[0032] The differential amplifier circuit 130 has input terminals 140 and 

resistors Rl, R2, R3, and R4. The differential amplifier circuit 130 modifies a voltage 
difference inputted through the input terminals 140 on the basis of a gain according to 
the resistivity of the resistors Rl, R2, R3, and R4, and outputs the modified voltage 
difference. 

[0033] The auxiliary power source 190 outputs a reference voltage Vref. The 

first switching circuit SCI controls application of the voltage of the battery module 115 
to the input terminals 140. The second switching circuit SC2 controls application of the 
voltage of the auxiliary power source 190 to the input terminals 140. The controller 150 
calculates the value of the battery module voltage on the basis of an output voltage fiom 
the differential amplifier circuit 130. 

[0034] In addition, the apparatus 100 further includes a temperature detector 195 

for detecting a temperature of the differential amplifier circuit 130 and a power-key 180 
for controlling supplying of electric power of the battery 1 10 to an electric load 170 of 
the electric vehicle. 
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[0035] The differential amplifier circuit 130 may be realized in a variety of 

fashions. For example, in this embodiment, the differential amplifier circuit 130 
includes a differential amplifier 135. The input terminals 140 of the differential 
amplifier circuit 130 include first and second input terminals 141 and 142. The first and 
second input terminals 141 and 142 of the differential amplifier circuits 130 are 
connected to first and second terminals of the differential amplifier interposing first and 
second resistors R1 and R2, respectively. An output terminal of the differential amplifier 
135 is connected to the first input terminal 141 interposing a third resistor R3, and the 
second input terminal of the differential amplifier 135 is groxmded interposing a foxuth 
resistor R4. In this case, a gain of the differential amplifier circuit 130 becomes R3/ 
Rl”. The resistivity values of the first and second resistors R1 and R2 are preferably a 
few mega-ohms (Mohm), and those of the third and fourth resistors R3 and R4 are 
preferably a few tens of kilo-ohms (kohm). 

[0036] The value of the reference voltage Vref of the auxiliary power source 190 

may be arbitrarily and obviously chosen by a person in the art considering the electric 
load of each of the circuital elements included in the differential amplifier circuit 130. 
[0037] As shown in FIG. 1, the first switching circuit SCI is interposed between 

the battery module 115 and the input terminals 140 of the differential amplifier circuit 
130, and the second switching circuit SC2 is interposed between the auxiliary power 
source 190 and the input terminals 140 of the differential amplifier circuit 130. 

According to this scheme, the battery module 115 and the auxiliary power source 190 
are coimected to the input terminals 140 of the differential amplifier circuit 130, in 
parallel to each other. 

[0038] The first switching circuit SCI includes a capacitor Cl, a first switch 

SWl for controlling the connection between the capacitor Cl and the battery modulel 15, 
and a second switch SW2 for controlling the connection between the capacitor Cl and 
the input terminals 140. The first switch SWl includes a pair of switches respectively 
interposed between terminals of the capacitor Cl and terminals of the battery module 
115, and the second switch SW2 includes a pair of switches respectively interposed 
between terminals of the capacitor Cl and the input terminals 140. The second 
switching circuit SC2 includes a t hi rd switch SW3 that includes a pair of switches 
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respectively interposed between terminals of the auxiliary power source 190 and the 
input terminals 140. 

[0039] The temperature detector 195 may be arbitrarily and obviously chosen by 

a person in the art to detect the temperature of the differential amplifier circuit 130. 
[0040] The power-key 1 80 that controls usage of the electric power of the 

battery 1 10 is also obvious to a person in the art. 

[0041 ] The controller 150 can be realized by one or more processors activated 

by predetermined software, and the predetermined software can be programmed to 
perform each step of a method for measuring a battery module voltage according to a 
preferred embodiment of this invention. 

[0042] A method for measuring a battery module voltage according to a 

preferred embodiment of this invention is hereinafter described in detail with reference 
to FIG. 2. As shown in FIG. 2, the method of the present embodiment is performed by 
the controller 150, and includes detecting a variable effective gain Geff of the 
differential amplifier circuit 130 at S220 and S240, applying the battery module voltage 
to the input terminals 140 of the differential amplifier circuit 130 at step S250, detecting 
the output voltage of the differential amplifier circuit 130 that is applied with the battery 
module voltage at step S270, and calculating the value of the battery module voltage by 
modifying the output voltage of the differential amplifier circuit 130 on the basis of the 
effective gain Geff. 

[0043] The method for measuring a battery module voltage according to the 

present embodiment is hereinafter described in further detail. 

[0044] Firstly at step S210, the controller 150 determines whether the power-key 

180 of the electric vehicle is turned on. When the power-key 180 is turned on, the 
controller 150 detects variable effective gain Geff of the differential amplifier circuit 
130 at step S220. 

[0045] Step S220 for detecting of the effective gain Geff, as shown in FIG. 3, 

includes a step S3 10 of applying the reference voltage Vref to the input terminals 140 of 
the differential amplifier circuit 130, a step S320 of detecting an output voltage VI of 
the differential amplifier circuit 130 while the reference voltage Vref is applied, and a 
step S330 of calculating the effective gain Geff of the differential amplifier circuit 130 
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on the basis of the detected output voltage V 1 . The step S3 1 0 of applying the 
reference voltage Vref to the input terminals 140 of the differential amplifier circuit 130 
is achieved by switching the first switching circuit SCI OFF (SCI -OFF) and the second 
switching circuit SC2 ON (SC2-ON). When the first switching circuit SCI is OFF in 
step S3 10, it is preferable that the two switches SWl and SW2 are both switched OFF. 
At step S330 of calculating the effective gain GefF, the effective gain Geff is calculated 
as a value obtained by dividing the output voltage VI of the differential amplifier circuit 
130 by the reference voltage Vref. When the effective gain Geff is calculated, at step 
S340, the controller 150 switches the third switch SW3 OFF such that the auxiliary 
power source 190 and the differential amplifier circuit 130 become disconnected. 

[0046] Referring back to FIG. 2, when the power-key 180 is not turned on, or 

when step S220 of detecting the effective gain Geff has been finished, the controller 150 
detects a temperature T of the differential amplifier circuit 130 by the temperature 
detector 195 at step S225, and subsequently compares the detected temperature T with a 
predetermined temperature Ts at step S230. WHien the detected temperature T of the 
differential amplifier circuit 130 is higher than the predetermined temperature Ts 
according to the temperature comparison, the controller 150 detects the effective gain 
Geff of the differential amplifier circuit 130 at step S240. The value of the effective gain 
Geff may vary each time that the step S240 is executed. The temperature T of the 
differential amplifier circuit 130 is compared with the predetermined temperature Ts 
because resistivity of a resistor varies sensitively to its temperature. That is, such a 
temperature comparison is required for obtaining actual gain of the differential amplifier 
circuit 130, because the temperature T of the differential amplifier circuit 130 may vary 
during the driving of the electric vehicle. The predetermined temperature Ts may be 
obviously set to an appropriate value by a person skilled in the art, taking into accoimt 
characteristics of resistors used in the differential amplifier circuit 130. 

[0047] Step S240 of detecting the effective gain Geff is executed according to 

the steps shown in FIG. 3 in the same way as in the step S220. 'When the detected 
temperature T of the differential amplifier circuit 130 is not above the predetermined 
temperature Ts, or when the effective gain Geff is detected at step S240, the controller 
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150 applies the voltage of the battery module 1 15 to the input terminals 140 of the 
differential amplifier circuit 130 at step S250. 

[0048] Step S250 of applying the battery module voltage is achieved by 

switching the first switching circuit SCI ON (SCl-ON) and the second switching circuit 
SC2 OFF (SC2-OFF). According to the present embodiment, the second switching 
circuit SC2 is already switched OFF at step S220 or step S240 (refer to the step S340 in 
FIG. 3), and therefore, only the switching of the first switching circuit SCI ON is 
required at step S250. For that effect, the controller 150 switches the first switch ON 
(SWl-ON) and the second switch OFF (SW2-OFF) at step S255, waits for a 
predetermined period in the state of SWl-ON and SW2-OFF at step S260, and switches 
the first switch OFF (SWl-OFF) and the second switch ON (SW2-ON). According to 
the steps S255-S265, The voltage of the battery module 1 15 is applied to the differential 
amplifier circuit 130 via the capacitor Cl, and accordingly, voltage interference between 
the battery module 115 and the differential amplifier circuit 1 30 is prevented. The 
predetermined period may be obviously set to an appropriate value by a person in the art 
taking into accoimt of the capacitance of the capacitor Cl, of which an exemplary value 
may be approximately 10 msec. 

[0049] When the voltage of the battery module 1 15 is applied to the differential 

amplifier circuit 130, the controller 150 detects an output voltage VO of the differential 
amplifier circuit 130 supplied with the battery module voltage at step S270. 
Subsequently, the controller 150 switches the second switch SW2 OFF at step S275 
such that both the switches SWl and SW2 are in the OFF state. 

[0050] Subsequently at step S280, the controller 150 calculates a voltage value 

V of the battery module 1 15 by modifying the output voltage VO of the differential 
amplifier circuit on the basis of the effective gain Geff. At the step S280, the voltage 
value V is obtained by multiplying the output voltage VO of the differential amplifier 
circuit 130 by the effective gain Geff 

[0051] When step S280 for calculating the actual output voltage V is finished, 

the controller 150 determines at step S290 whether the power-key 180 is turned off 
When power-key 180 is turned off, the method for measuring the battery voltage 
according to the present embodiment is finished. When the power-key 180 is not 
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turned off, the controller 150 proceeds to step S225 of detecting the temperature T of the 
differential amplifier circuit 130, and accordingly, the series of steps S225 to S280 are 
repeatedly executed until the power-key 180 is turned off. 

[0052] According to a preferred embodiment of the present invention, an actual 

voltage of a battery module may be accurately measmed regardless of change of 
resistivity of a resistor in the differential amplifier circuit. The accmacy is enhanced 
because an actual effective gain of the differential amplifier circuit is obtained by using 
a reference voltage of an auxiliary power source. Actual effective gain of the 
differential amplifier circuit can be obtained based on the relationship between a 
reference voltage and an output voltage of the differential amplifier circuit therefi’om. 
Such a relationship is precisely studied and obtained as shown above. A battery 
module and the differential amplifier circuit are interconnected by capacitor coupling 
such that interference therebetween may be minimized. The effective gain is measured 
whenever the power-key is turned on and the temperature of the differential amplifier 
circuit is higher than a predetermined temperature. So, the effective gain used by the 
controller may remain as close as possible to an actual gain. 

[0053] While this invention has been described in connection with what is 

presently considered to be the most practical and preferred embodiment, it is to be 
imderstood that the invention is not limited to the disclosed embodiments, but, on the 
contrary, is intended to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. 
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